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Abstract

Introduction: Angiography stands as the paramount and definitive diagnostic method for
coronary artery disease. However, akin to various other invasive procedures, it may carry a
multitude of complications. This study sought to assess the incidence of vascular complications
post-arterial sheath removal, comparing the use of a ClampEase device against manual
compression.

Methods: This quasi-experimental clinical trial involved patients undergoing angiography
at the post-angiography ward in Isfahan, Iran. A total of 91 patients were selected through
convenience sampling and randomly assigned to either the manual compression or ClampEase
device groups. Monitoring common vascular complications like hemorrhage, hematomas, and
ecchymosis occurred up to 24 hours post-arterial sheath removal. Data were collected using
a digital scale model DM3, a transparent flexible ruler, and a questionnaire named ‘vascular
complications after angiography.” Analysis was performed using SPSS software version 13.
Results: Statistical analysis revealed that, when compared to the manual method, compression
with the ClampEase device led to fewer vascular complications in patients and a quicker return
to homeostasis.

Conclusion: The findings underscore that the ClampEase method is a safer alternative with fewer
vascular complications than the manual compression method. This discovery has implications
for reducing hospital costs and length of stay. The ClampEase device is associated with a swifter

time to hemostasis, contributing to enhanced patient comfort and acceptance.

Introduction

Over 15 million cardiac catheterizations and angiographies
are annually performed worldwide for diagnostic and
therapeutic purposes. Angiography, the most accurate way
to show the severity of coronary artery disease, provides
specialists with vital information about coronary artery
disease and other heart disorders. Similar to other invasive
methods, this method might be associated with various
complications, including myocardial infarction, stroke,
arrhythmia, vascular complications, adverse reaction
to contrast media, and death.! Vascular complications
including hemorrhage, hematoma, and ecchymosis are
the most common complications of catheterization.?
In numerous studies, the average incidence of these
complications has been estimated between 16 and 28%.?
The incidence of the mentioned complications is crucial
since they can be associated with fever, pain, immobility,
coldness and numbness in the limb, significantly reduced

hemoglobin, increased hospital stay length, and even
a threat to the patients life.? In addition, complications
of coronary angiography can lead to increased hospital
costs.* Nursing care for identifying and preventing such
complications is essential due to the prevalence and
consequences of vascular complications after angiography.?

Manual compression is the most widely used method
of inducing homeostasis.! However, this method requires
discontinuation of anticoagulants and prolonged bed
rest. It is also accompanied by patient discomfort and
the nurse’s hand fatigue. On the other hand, vascular
closure devices provide the patient’s comfort, require less
time spent by the nurse, and reduce the time required for
homeostasis. However, the safety of these devices is still
under investigation.’

The ClampEase C750 device model California is a
vascular closure device consisting of a flat metal base
with a C-shaped arm clamp attached to a transparent
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pressure plate.® When the arterial sheath is removed, the
C-shaped arm clamp is lowered so that the transparent
base compresses the catheter insertion site. Compression
devices are technically efficacious.”

A meta-analysis was conducted by Biancari et al in
2010 on 7528 patients after angiography to evaluate the
safety and efficacy of vascular closure devices. The results
show that using these devices shortens the achievement of
homeostasis; consequently, less recovery time is required,
and the patient spends a shorter period in bed. Nevertheless,
further studies are needed to obtain more definitive results.®

In this regard, Cox et al carried out another review on
34 randomized controlled trials (RCTs) published up to
2015 that compared vascular closure devices with manual
compression. The results showed that patients for whom
a vascular closure device was used needed a shorter time
for achieving homeostasis, getting out of bed and being
discharged compared to those for whom the manual
method was used. Concerning vascular complications,
more investigations are needed.’ Considering the
contradictory results in previous studies, the advantages
and disadvantages of the two methods, which are
sometimes irreparable for patients, nurses increased
workload, and the higher costs of the healthcare system,
this study was conducted to determine and compare
vascular complications related to arterial sheath removal
using ClampEase device and manual compression in
patients undergoing angiography.

Materials and Methods
This experimental clinical trial was conducted on non-
blinded patients undergoing angiography through the
femoral artery. Vascular complications after arterial sheath
removal were compared in manual compression and
ClampEase Model C750 methods. In the manual method,
constant pressure was applied to the sheath’s removal site
after removing the sheath until homeostasis was achieved.
While in the ClampEase device method, after fixing the
device under the patient and placing the clamp 2 cm above
the catheter insertion site, the sheath was removed, and
the device clamp was fixed on the catheter insertion site
until hemostasis was achieved. After obtaining written
and oral consent from patients, the subject size was
calculated 91 patients according to the inclusion criteria,
using statistical methods for determining the subject size,
and consulting with a statistician (Z,=0.95 in the two-
domain test is equal to 1.96, d=0.12, P,=0.28, P,=0.16).
Subjects were selected through the convenient
sampling method and were randomly allocated to
two groups. Random allocation of subjects into two
groups as patients with even file numbers in the manual
compression group and patients with odd file numbers
in the ClampEase device group. Shahid Chamran heart
hospital in Isfahan was selected as the main setting for
selecting subjects and conducting the study. Inclusion
criteria included the international normalized ratio (INR)

less than 1.8, using the minimum heparin dose (<5000
units) during angiography,’® no previous hematoma or
ecchymosis during the angiography in cath lab or recent
hospitalization," no osteoporosis, angiography through
the femoral artery, and no history of femoral and pelvic
surgeries, including replacement of the femoral head and
pelvic fractures.”? Sampling began on October 31, 2021
and continued until December 24, 2021 and during the
sampling process, there was no subject attrition. In this
study, two tools were used to examine the variables: a
transparent flexible ruler - a standard and straightforward
method for measuring the area of hematoma and
ecchymosis and the digital scale model DM3. The length,
width, and the area of the raised site, which felt firm while
touching by a hand, were calculated using the ruler. Its
validity and reliability were determined using another
standard ruler.”” This ruler was also used to measure
the area of skin ecchymosis. Using this tool, the area of
ecchymosis (skin discoloration following subcutaneous
hemorrhage), which was soft with no firmness, was
calculated. The second tool was the digital scale model
DM3, which was used to weigh blood-stained gases in
patients in case of hemorrhage. This scale measures the
volume of blood loss with 95% confidence interval (CI)
and a=0.05. The validity and reliability of this tool were
evaluated with a standard calibrated scale. The incidence
of each of the mentioned complications at each stage was
included in the questionnaire in full detail (volume, time,
extent, and area). The questionnaire consisted of two
sections. The first section was related to demographic
characteristics, medical history, and previous illnesses.
The second section, which included 20 items, was related
to arterial sheath removal and associated complications
observed since the sheath removal moment to 24 hours
later.

After recruiting the subjects, the questions of the
questionnaire, including demographic information, age,
gender, marital status, education, height and weight,
body mass index, history of hypertension, history of
high cholesterol, history of smoking, and diabetes, were
asked and included in the questionnaire. After providing
sufficient and straightforward explanations to the clients
about implementation and the vascular complications
related to the sheath removal (hemorrhage, hematoma,
and ecchymosis), the patient was monitored for heart
rate, respiratory rate, and blood pressure. Afterward, the
researcher removed the arterial sheath under standard
sterile conditions using mechanical and manual methods.
The patient was monitored for hemorrhage, hematoma,
and ecchymosis totally in 10 steps, 15, 30, and 45 minutes,
andalso 1 hour, 2hours, 4 hours, 8 hours, and 24 hours after
the sheath removal. In case of vascular complications, its
volume and area were calculated using the mentioned tools
and recorded in a questionnaire. Ethical considerations
of this study included: providing the study subjects with
explanations on the confidentiality of information and
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data and their participation with full consent. Informed
and written consent was obtained from the participants.
The results of the study were provided to participants if
desired. They also had the right to withdraw from the
study in case of unwillingness to continue cooperation.
The principle of responsible referencing was observed. To
analyze the data and investigate the correlation, statistical
tests (independent subject ¢ test and chi-square) and linear
and logistic regression were used, respectively, using SPSS
software version 13.

Results

A total of 92 subjects participated in the study (ClampEase
device group: 46 patients, manual compression group:
46 patients)(Figure 1). The patients in both groups were
similar in terms of demographic characteristics and
medical history (gender, education, marital status, history
of smoking, and history of diabetes) (Table 1).

Chi-square test did not show a significant difference
between the two groups of manual and ClampEase in
terms of age, gender, marital status, education, history
of smoking, history of diabetes, and history of recent
angiography. In other words, the two groups were
homogeneous. As can be seen in Table 2, the results
of the Chi-square test showed a significant difference

between the mean of the time of hemostasis, frequency
of hemorrhage, frequency of hematoma, and frequency
of ecchymosis in the manual method and the ClampEase
method considering P<0.05. The results showed that

Table 1. Frequency distribution of studied subjects

Variable Manual ClampEase
No. (%) No. (%)

Gender

Male 22 (47.8) 26 (56.5)

Female 24 (52.2) 20 (43.5)
Education

Diploma and less 39(84.8) 34 (73.9)

Bachelor's degree and higher 7(15.2) 12 (26.1)
Marital status

Married 37 (80.4) 36 (78.3)

Single 9 (19.6) 10 (21.7)
History of smoking

Yes 15 (32.6) 21 (45.7)

No 31 (67.4) 25 (54.3)
History of diabetes

Yes 16 (34.8) 17 (37)

No 30 (65.2) 29 (63)

Assessed for eligibility (n=92)

g
5
= Excluded (n=0)
g
=4
Randomized (N=92)
e \L \L
g )
£ *Allocated to ClampEase device group *Allocated to manual compression group (N=46)
2 (m=46) *Received the allocated intervention (N=46)
'R?CCIVEd thej allocated mt-erventlot? (n=46) « Did not receive allocated intervention (N=0)
*Did not receive allocated intervention
(n=0)
L] \L
=
g Last of follow up (n=0) Last of follow up (n=0)
RS
*Analyzed (n=46) * Analyzed (n=46)
,._—3?  Excluded from analysis (n=0) * Excluded from analysis (n=0)
1)
<

Figure 1. Flow chart of the study
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using the ClampEase device was associated with fewer
vascular complications than the manual method.

As shown in Table 3, there was a difference between the
mean volume of blood loss in the ClampEase device and
the manual methods. In the ClampEase device method,
less volume of blood loss was observed. According to the
Student’s ¢ test results (-2.986) and P< 0.05, this difference
was significant. Regarding the mean area of hematoma, a
difference was observed between the ClampEase device
and the manual methods, as in the former method,
the average area of the hematoma was smaller than the
latter method. According to the Student’s ¢ test results
(-2.445) and P<0.05, this difference in the mean area
of the hematoma was significant in the two methods.
Furthermore, there was a difference between the mean
area of ecchymosis in the manual and the ClampEase
methods regarding ecchymosis. In the ClampEase
method, the smaller mean area of the ecchymosis was
observed. According to the Student’s ¢ test result (-2.518)
and P<0.05, this difference in the mean ecchymosis area
in the two methods was significant.

Discussion
This study aimed to determine and compare vascular
complicationsassociated with arterial sheath removal using

Table 2. The relative frequency of hemorrhage, hematoma, and ecchymosis in
study subjects of the two manual and ClampEase device groups

Manual (n=46) ClampEase (n=45)

Variable P value*
No. (%) No. (%)
Homeostasis time (min) 0.03"
20 44 (97.8) 38 (82.6)
40 1(2.2) 8(17.4)
Frequency of hemorrhage 0.01"
Hemorrhage 4(8.7) 14 (30.4)
Frequency of hematoma 0.04"
Hematoma 5(10.9) 13 (28.2)
Frequency of ecchymosis 0.02°
Ecchymosis 6(13) 15 (32.6)

2 Chi-square; “Statistically significant.

Table 3. Comparison of hemorrhage volume, hematoma area, and ecchymosis
area of the study subjects in the two manual and ClampEase device groups

Variable Mean (SD) Mean difference P value®
Hemorrhage volume (mL)
ClampEase 9.57 (7.38) 57.82 0.006
Manual 67.39 (39.5)
Hematoma area (cm)
ClampEase 0.91 (.49) 2.94 0.02°
Manual 3.85(2.86)
Ecumenical area (cm)
ClampEase 2.29(1.5) 5.1 0.01"
Manual 7.39 (6.7)

t test, " Statistically significant.

ClampEase device and manual compression in patients
undergoing angiography and introduce an appropriate
and practical method based on findings to remove arterial
sheath with minimal vascular complications. This study
results showed that using the ClampEase device in patients
after angiography was a safe method that was accompanied
by fewer vascular complications following arterial sheath
removal compared to the manual compression method.
This study also showed that the ClampEase device method
was associated with less time to achieve homeostasis after
arterial sheath removal, leading to the patient’s comfort,
faster recovery, and better acceptance. In this regard, to
date, various studies have been carried out to investigate
the safety of vascular closure devices. A meta-analysis was
conducted by Dahal et al to evaluate and compare manual
compression method and vascular closure devices. This
study examined and analyzed a total of 18802 patients
undergoing femoral artery angiography. The results
showed that manual compression increased the time to
achieve homeostasis and the risk of hematoma compared
to vascular closure devices.™

The present study results likewise showed that the
manual compression method was associated with a
higher incidence of hematoma and the greater mean
area of hematoma that required more time to achieve
homeostasis. In this regard, a meta-analysis was
conducted by Biancari et al with the aim of evaluating
the safety and efficacy of vascular closure devices on 7528
patients following angiography. The results showed that
using these devices causes homeostasis to be achieved
in a shorter period of time that was in line with the
present study and supports our findings; however, further
studies are needed to obtain more definite results.® In this
regard, a review was conducted by Cox et al in 2015 on
34 randomized controlled studies including all available
RCTs up to 2015 that had compared vascular closure
devices with manual compression.” The mentioned study
results showed that the vascular closure devices needed
a shorter time for achieving homeostasis, bed rest, and
discharge compared to patients who used the manual
method. There is a need for further investigation in the
field of vascular complications. Accordingly, the results
obtained in this review supported the results of the present
study.”® As a result, using the ClampEase device method
in patients can help shorten the hospital stay length and
accelerate getting out of bed. Beneficial and valuable
studies have been carried out to evaluate and compare
the arterial sheath removal methods after angiography.
One of these studies is a systematic review conducted by
Noori to systematically evaluate vascular closure devices
approved by the Food and Drug Administration and
compare them with the manual compression method in
patients undergoing angiography through the femoral
artery. This study, carried out through searching databases
(MEDLINE and PubMed), investigated a total of 14746
patients undergoing angiography. The results showed that
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vascular closure devices provided the maximum patient
comfort and satisfaction level and required a shorter time
to achieve homeostasis after sheath removal. Patients
suffer less pain when using these devices than the manual
compression method, which provides more comfort
and convenience. This systematic study also showed
that vascular closure devices were associated with fewer
vascular complications and less hemorrhage after arterial
sheath removal,'® which was consistent with the present
study results.

Conclusion
The findings of this study showed that using the ClampEase
device method in patients after angiography was a safe
method with fewer vascular complications after arterial
sheath removal compared to the manual compression
method. This finding can help reduce hospital costs and
hospital stay length. As the study results showed, the
ClampEase device method was associated with less time
to achieve homeostasis after arterial sheath removal,
leading to patient comfort, faster recovery.

It is suggested that in the next research, other
complications after the removal of the arterial sheath,
including pain, should be investigated and researched.
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